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[0001] The present invention relates to compositions comprising a catalyst lor exothermic reactions conducted on 
a fixed bed and to a metal diluent used to reduce or eliminate the fornnation of hot spots in the fixed bed. 
5 [0002] in particular, it relates to compositions in which the catalyst is a catalyst for the oxychlorination of ethylene 
to 1 ,2-dichloroethane. 

[0003] Removal of the reaction heat in exothermic reactions by the cooling fluid is decisive for reaction control and 
therefore for the possibility to achieve high conversions and selectivities. 

[0004] Whereas in fluid-bed operations tiiis problem is scarcely important due to the high overall exchange coeffi- 
10 cient that can be achieved in these conditions, in the fixed-bed technology the problem of removing heat is extremely 
important, since at the inlet of the bed the concentration of tiie reagents is high and therefore the reaction rate and tiie 
production of heat are the highest. The temperature inside tiie catalytic bed therefore tends to rise rapidly, creating 
regions of high temperature (hot spots) which produce considerable problems in terms of rapid aging of the catalyst and 
cause a consequent loss of selectivity due to the increase in secondary reactions. Bearing in mind that the amount of 
75 heat exchanged is governed, for a given cooling surface and for a given overall exchange coefficient, by the difference 
between tine temperature inside tiie bed and the temperature of tine cooling fluid, and that in normal conditions the rate 
of heat exchange is regulated by said temperature difference, the temperature in the hot spot will tend to rise until the 
difference in temperature removes all the heat produced by the reaction. 

[0005] In the final part of tiie bed, instead, the reaction rate (and therefore tiie production of heat) is very low and 
20 hot spots accordingly do not occur. 

[0006] In order to reduce the hot spot tenperature by acting on the catalyst one can use two approaches: 

" using a scarcely active catalyst in the region of the catalytic bed at the inlet of the reagents; 
- diluting tiie catalyst in said region by using inert solid diluents. 

25 

[0007] The diluents used so far conprise materials such as graphite, silicon carbide, macroporous cartx)n, low sur- 
face area alumina, silica and glass beads. 

[0008] These diluents, due to tiieft low thermal conductivity coefficient, are not suitable to effectively transfer heat 
from the hot spot region to the wall of the heat exchanger. 
30 [0009] Furthermore, again due to their low thermal conductivity, the diluents are unable to adequately ti-ansfer heat 
from the regions where, due to uneven mixing of the catalyst and of the diluent, peaks in the concentration of the cata- 
lyst occur, witii consequent forming of hot spots. 

[0010] It has now been unexpectedly found tiiat the use as diluent of metals which are inert toward the reagents 
and the reaction products and having high thermal conductivity allows not only to improve the yield and selectivity of 
35 the catalyst and tiierefore tiie productivity of the plant but also to reduce or avoid tiie loss and/or aging of the catalyst 
in cases in which tiiese problems tend to occur. 

[001 1] In particular, in the case of tiie oxychlorination of etiiylene to 1 ,2-dichloroetiiane. diluents witti high tiiermal 
conductivity allow to provide the reaction in a single stage instead of in multiple stages as normally occurs. 
[001 2] The diluents that can be used in tiie compositions according to the invention are metals with a thermal con- 
40 ductivity of more than 0.5 W/cm/K (value considered in tiie temperature range from 400K to 1573K, equal to 127* to 
1000*^0). 

[001 3] Copper has a thermal conductivity (W/cm/K) of 3.93 at 400K and 3.39 at 1 573K; the values for aluminum is 
2.4 at 400K and 2.18 at 800K: the values for nickel are 0.8 and 0.76 at 400K and at 1200K respectively; zinc has a con- 
ductivity of more tiian 1 in the temperature range kDeing considered; 
45 [0014] The following are examples of coefficients related to materials not included among tiie usable ones: 0.13 
W/cm/K at 673K for alumina: 0.04 and 0.01 for graphite at 400K and 1200K; 0.19 and 0.25 for stainless steel at 573K 
and 973K. 

[0015] The metals usable in the compositions according to the invention are chosen so as to be substantially inert 
witii respect to the reagents and to the products of the reaction in which they are used. 
50 [001 6] Copper is tiie preferred metal, due to its high tiiermal conductivity and high density which allows to provide 
high heat capacity per unit volume of metal and therefore to absorb and tiien rapidly transfer considerable amounts of 
heat. . 

[001 7] Aluminum and nickel, too. are convenientiy usable, particularly in reaction conditk)ns in which high chemical 
inertness is required. 

55 [001 8] The metallic diluents are preferalDly used with a geometric shape and dimensions which are similar to tiiose 
of tiie granular catalyst with which they are mixed. It is also possible to use different shapes and dimensions. 
[0019] Preferred shapes are those that provide a wide surface area per unit volume of diluent associated with sig- 
nificant void percentages. This is done in order to facilitate heat exchange and reduce pressure losses. 
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[0020] Examples of these shapes are the cyiindrical ones with a through bore having a wide diameter and annular 
shapes. 

[0021] Examples of cyiindrical shapes are mutttlobed shapes with through bores at the various lobes and other 
shapes with a large geometric area. 
5 [0022] Shapes of this type (described for catalysts and carriers) are reported in USP 5.330.958. whose description 
is included herein by reference. 

[0023] The dimensions of the cylindrical shapes are generally between 3 and 10 mm in height and 5-10 mm in 
diameter. 

[0024] The percentage of diluent is a function of the exothermic nature of the reaction and of its kinetics. 
10 [0025] Percentages from 1 0 to 80% by volume on the mixture can be used conveniently 

[0026] The catalytic compositions that contain the metal diluent are used so as to form the bed in the part at the 
inlet of the reagents. 

[0027] It is also possible to use various bed layers in which the concentration of the catalyst rises toward the lower 
part of the bed. 

75 [0028] A typical example of exothermic reaction conducted on a fixed bed in which the conpositions according to 
the invention can be used conveniently is the cxychlorination of ethylene to 1 ,2-dichloroethane. 
[0029] Examples of other reactions are: oxidation of n-butane to maleic anhydride; oxidation of o-xylene or naph- 
thalene to phthalic anhydride; synthetic natural gas from methane; vinyl acetate from ethylene and acetic acid; ethylene 
oxide from ethylene. 

20 [0030] As mentioned, in the case of the oxychlorination reaction it has been found that in addition to the advantage 
of higher yields and selectivities. the use of diluted catalysts according to the invention allows to conduct the reaction 
in a single stage instead of multiple stages, as normally occurs in the processes of the prior art. 
[0031] The diluted catalysts according to the invention are used under the reaction conditions that are used nor- 
mally; however, it is possible to optimize said conditions in order to utilize the higher performance of the catalysts in the 

25 best possible manner, in terms of both yield and selectivity. 

[0032] Catalysts that can be diluted with the metal diluents comprise all the catalysts that can be used in exother- 
mic reactions conducted on a fixed bed. 

[0033] In the case of the catalysts for the oxycNorination of ethylene to 1 ,2-dichloroethane. the representative and 
preferred usable catalysts are based on cupric chloride or cuprous hydroxychloride, comprising pronnoters chosen 
30 among chlorides of alkal metals and/or chlorides of alkaline-earth metals, optionally of rare eartiis. 

[0034] These catalysts are supported on inert porous supports, particularly alumina with a suriace area between 
50 and 300 m^/g. 

[0035] Catalysts of this type are amply described in the literature and in particular in EP-A-176432. the description 
of which is included herein by reference. In the catalysts described in EP-A-1 76432. the concentration of cupric chloride 
35 is lower on tiie surface than inside the catalyst granule. 

[0036] The following examples are provided to illustrate but not to limit tiie scope of tiie invention. 

Examples 

40 A) PREPARATION OF THE CATALYST ' . ' 



[0037] 300 g of alumina, pelletized in the form of three-lobed cylindrical granules having three equidistant tiirough 
bores which are parallel to tiie axis of the cylinder, were heated to 450" C. They were tiien inrpregnated witii an aqueous 
solution containing 9.33 g of CsCI and heated to 500'»C for 1 h. 
45 [0038] An aqueous solution containing 58.33 g of CUCI2.2H2O and 12.45 g of KCI (so as to obtain a Cu content of 
4% and a K content of 2%, expressed as percentage by weight on tiie final catalyst) was prepared separately In order 
to facilitate dissolution of the chlorides. 8 g of HCi in a 35% aqueous solution were added. This solution was used to 
impregnate the support pellets pre-treated witii CsCI. 

[0039] The resulting catalyst was stove-dried at 120'C for one night and was ready for use. 

so . 

BS DESCRIPTION OF THE REACTOR 

[0040] -In order to check the performance of tiie catalysts, diluted witii different materials, a tubular reactor having 
an inside diameter of 26 mm and a height of 130 cm was used. The construction material of the reactor was Ni 200. 
55 The reactor was provided with a thermostatic-control jacket in which oil circulated and with ducts for feeding the rea- 
gents. 

[0041] The reagents (HCI, C2H4, O2 and were metered and controlled by means of mass flow meters. 
[0042] At tiie outiet of the reactor, the reaction products were cooled: the liquid products (EDC. unconverted HCI. 
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chlorinated byproducts and reaction water) were collected in a flask, whereas the non-condensables (O2. Ng, CO and 
CO2) were sent to the stack after being measured and analyzed by chromatography. The liquid products were com- 
posed of two phases, an aqueous one and an organic one; the two phases were separated in a separator funnel, 
weighed and analyzed: titration of the hydrochloric add was performed for the aqueous phase, whereas the organic 
5 phase was analyzed by chromatography in order to determine the purity of the EDC. 

[0043] The reagents were normally fed at the temperature of 210**C; the reaction was brought to the chosen tem- 
perature and when steady and constant conditions were reached, liquid products collection and gas monitoring was 
performed for a period of 1-2 hours. 

10 COMPARISON EXAMPLE 1 

[0044] The catatyst prepared as described above was loaded into the reactor. It was mixied with graphite as follows: 

- a layer of undiluted catalyst with a thickness of 50 cm was loaded into the lower part of the reactor (the part near 
IS the product outlet); the amount loaded was 185.2 g (equal to 270 cc); 

- catalyst (45.5 g. equal to 64 cc) mixed with graphite (82.2 g, equal to 96 cc) was loaded into the upper part of the 
reactor, for a height of 30 cm; the resulting mixture contained 40% of catalyst by volume. 

[0045] The total height of the catalytic bed was therefore 80 cm. A thernrK)Couple supporting sheath was arranged 
20 coaxially in the reactor; 9 thermocouples for delecting the temperature of the reactor were inserted in said sheath at a 
distance of 10 cm each. By means of the various thermocouples It was possible to obtain the thernrial profile of the reacr 
tor; said profile is plotted in the chart of Figure 1 . 

[0046] Samples were taken in order to determine the performance: the conditions of the test and the associated 
results are listed in Table 1 . 

25 . 

EXAMPLE 1 

[0047] The same method as in comparison example 1 was used. The amounts of catalyst are the same; the only 
difference is the type of diluent used, which is in the form of copper rings which are 7 rnm high. 6 mm in outside diameter 
30 and 5.6 mm in ir^ide diameter. The amount of diluent by weight is 225.7 g (96 cc). 

[0048] The results of the tests are given in table 1 ; the chart of Rgure 1 also plots for comparison the thermal profile 
obtained in example 1 . 

[0049] The influence of the use of copper as diluent on the performance is evident; due to a lower hot spot, a sig- 
nificant inaease in activity (expressed by the conversion of the hydrochloric acid) and in selectivity (due to reduced fbr- 
35 mation of carbon oxides and chlorinated byproducts) is achieved. 

[0050] The disclosures in Italian Patent Application No. M I99A00001 6 from which this application claims priority are 
incorporated herein by reference. 
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Claims 

1 . Catalytic compositions comprising a catalyst in the torm of granules having a definite geometric configuration, suit- 
able for exothermic reactions conducted on a fixed bed. and a metal diluent having a geometric shape and dimen- 

5 sions corresponding to those of the catalyst or different, characterized in that the metat of the diluent has thermal 

conductivity values of more than 0.4 W/cm/K in the range from 400K to 1573K. 

2. Compositions according to daim 1 . wherein the metal of the diluent is copjser. 

10 3. Compositions according to daim 1 . wherein the metal is chosen among aluminum, zinc and nickel. 

4. Compositions according to the preceding claims 1 to 3, wherein the metal diluent is in the form of cylindrical gran- 
ules having at least one through bore or annular granules. 

75 5. Compositions according to claim 4, wherein the cylindrical granule has a multllobed configuration with through 
bores at the lobes. 

6. Compositions according to the preceding claims 1 -5, wherein the diluent is used in an amount of 1 0 to 80% by vol- 
ume on the volume of the composition. 

20 

7. Compositions according to the preceding daims 1-6. wherein a catalyst for the oxychlorination of ethylene to 1 ,2- 
dichloroethane is used. 

8- Compositions according to daim 7. wherein the catalyst comprises a copper compound supported on an inert 
25 porous support medium. 

9. A composition according to claim 8. wherein the catalyst comprises a copper compound selected from cupric chlo- 
ride and copper hydroxychloride supported on alumina having a surface area from 50 to 300 m^/g. 

30 1 0. Compositions according to claim 9. wherein the catalyst comprises a promoter chosen among chlorides of alkaline 
metals and chlorides of alkaline-earth metals optionally in mixture with chlorides of rare earth metals. 

1 1 . A process for conducting exothermic reactions on a fixed bed, wherein catalytic compositions according to the pre- 
ceding claims 1 to 10 are used. 

35 

12. A process for preparing 1 ,2-dichloroethane by oxychlorination of ethylene on a fixed bed. wherein catalytic compo- 
sitions according to the preceding claims 8-1 0 are used.. 

13. A process according to claim 12. wherein the reaction is performed in a single stage. 

40 
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